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SPECIFICATION 

[TITLE OF THE INVENTION] ZOOM LENS BARREL 
[ABSTRACT] 

[Object] To provide a zoom lens barrel that can be made more 
compact . 

[Solution Means] There are provided a first inner tube 44 that 
holds a foremost lens group at its fore side and that has a 
cam hole 4 4d penetrating through its tube wall, a first outer 
tube 40 that is disposed outside the first inner tube 44 so 
as to be relatively rotatable and be movable in an optical-axis 
direction together with the first inner tube 44 and that has 
a cam groove 41 corresponding to the cam hole 44d in its inner 


l 


surface, and a lens holding member 52 that has a cam follower 
52a to be engaged with the cam hole 4 4d and with the cam groove 
41 and that holds other lens groups radially inside the first 
inner tube 44. 
[WHAT IS CLAIMED IS;] 

[Claim 1] A zoom lens barrel wherein the zoom lens barrel is 
a multi-stage-extension zoom lens barrel in which a relative 
distance in an optical-axis direction between a plurality of 
lens groups disposed in its interior changes in response to 
expansion and contraction in the optical-axis direction, the 
zoom lens barrel comprising: 

a first inner tube that holds a foremost lens group of 
the plurality of lens groups at its fore side and that has a 
cam hole penetrating through its tube wall; 

a first outer tube that is disposed outside the first 
inner tube so as to be relatively rotatable and movable in the 
optical-axis direction together with the first inner tube and 
that has a cam groove corresponding to the cam hole in its inner 
surface; and 

a lens holding member that has a cam follower to be engaged 
with the cam hole and with the cam groove and that holds the 
other lens groups radially inside the first inner tube. 
[Claim 2] A lens barrel as set forth in Claim 1, wherein: 
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a second outer tube is disposed outside the first outer 
tube, the second outer tube having a spiral protruding bar and 
an advance guide groove that is cut to an intermediate position 
in a height direction of the protruding bar and that extends 
in the optical-axis direction in its inner circumferential 
surface; 

the first outer tube has an advance engagement part to 
be engaged with the advance guide groove at a rear end of its 
outer periphery; and 

the first inner tube has a spiral projection part that 
is engaged with the protruding bar and with which the advance 
guide groove is covered when seen in the optical-axis direction 
at the rear end of the outer periphery. 

[Claim 3] A lens barrel as set forth in Claim 1 or Claim 2, 
wherein: 

the second outer tube is disposed outside the first outer 

tube; 

the second inner tube is disposed inside the second outer 

tube; 

the first inner tube has its tube wall cut like comb teeth 
from its rear end side in the optical-axis direction; 

the second inner tube has its tube wall cut like comb 
teeth from its fore end side in the optical-axis direction; 
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and 

the first and second inner tubes rotate together and are 
relatively movable in the optical-axis direction while their 
respective tube walls shaped like comb teeth are engaged with 
each other. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to a zoom lens barrel and, more particularly, to a 
multi-stage-extension zoom lens barrel. 

[0002] 

[Prior Art] For example, as shown in (a) of each of Fig. 1 to 
Fig.. 3, conventionally, a zoom lens barrel that is protracted 
from or retracted into a fixed tube 1 has outer tubes 2, 4 and 
5 and inner tubes 3, 6 and 7 disposed inside the fixed tube 
1, for example, by a bayonet joint so as to be relatively 
rotatable and movable together in an optical-axis direction. 
Its general structure has been formed such that a foremost lens 
group Kl is held by a foremost tube 5 or 7, and the other lens 
groups are held by the other tubes 4 and 6. 

[0003] 

[Problem to be Solved by the Invention] However, the 
aforementioned conventional structure has difficulty in 
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making the zoom lens barrel more compact. 

[0004] Therefore, a technical problem that the present 
invention intends to solve is to provide a zoom lens barrel 
that can be made more compact. 
[0005] 

[Means for Solving the Problem, Operation, and Effect] To solve 
the technical problem, the present invention provides a lens 
barrel structured as below. 

[0006] The lens barrel is a multi-stage type lens barrel in 
which a relative distance in the optical-axis direction between 
a plurality of lens groups disposed thereinside changes in 
response to expansion and contraction in the optical-axis 
direction. The zoom lens barrel includes a first inner tube, 
a first outer tube, and a lens holding member. The first inner 
tube holds the foremost lens group at its fore side and has 
a cam hole penetrating through its tube wall. The first outer 
tube is disposed outside the first inner tube so as to be 
relatively rotatable and movable in the optical-axis direction 
together with the first inner tube and has a cam groove 
corresponding to the cam hole in its inner surface. The lens 
holding member has a cam follower to be engaged with the cam 
hole and with the cam groove and holds the other lens groups 
radially inside the first inner tube. 
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[0007] In the aforementioned structure, since the cam follower 
is engaged with the cam hole of the first inner tube and with 
the cam groove of the first outer tube, the cam follower 
relatively moves in the optical-axis direction with respect 
to the first inner tube and the first outer tube when the first 
inner tube and the first outer tube rotate relatively, thus 
driving the lens groups for zooming. Generally, they are 
driven for zooming by rotating one of the first inner tube and 
the first outer tube and restricting the other one, but they 
can be driven for zooming by rotating both of them at different 
rotation quantities. Additionally, generally, one of the cam 
hole and the cam groove is formed to be a straight line parallel 
to the optical axis, and the other one is formed to be 
substantially spiral, but, without being limited to this, both 
of them may be formed to be substantially spiral, for example. 
[0008] According to the aforementioned structure, since the 
other lens groups are held by the first inner tube and the first 
outer tube that hold the foremost lens group, it is possible 
to shorten the overall length obtained when the lens barrel 
is shortened. For example, in the conventional lens barrel 
shown in (a) of each of Fig. 1 to Fig. 3, the foremost lens 
group Kl is held by the first outer tube 5, and the other lens 
group K2 is held and driven by the second outer tube 4 and the 
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second inner tube 6, and therefore the second inner tube 6 
cannot be shortened. In contrast, when the present invention 
is applied, the other lens group K2 is held and driven by the 
first outer tube 86 and the first inner tube 86a as shown in 
(b) of each of Fig. 1 to Fig. 3, and therefore, when engaged 
with the first inner tube 86a, the length of the second inner 
tube 85 is sufficient, and the second outer tube 84 and the 
second inner tube 85 can be made . shorter than in the 
conventional example (a) . Therefore, as shown in Fig. 3, the 
size in the optical-axis direction obtained when the lens 
barrel is retracted can be made shorter by X than in the 
conventional example (a) . 

[0009] The cam groove used to drive the other lens groups for 
zooming is formed in the first outer tube upon which a force 
is not greatly imposed when driven for zooming, and the cam 
groove does not need to be formed in a tube (e.g., the second 
outer tube) other than the first inner and outer tubes upon 
which a relatively great force is imposed when driven for 
zooming, and therefore the thickness of a tube other than the 
first inner and outer tubes can be reduced, and the size in 
the radial direction of the lens barrel can be also reduced. 
[0010] Therefore, the zoom lens barrel can be made more compact. 
[0011] Preferably, the second outer tube is disposed outside 
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the first outer tube. The second outer tube has, on its inner 
circumferential surface, a spiral protruding bar and an advance 
guide groove that is cut to an intermediate position in a height 
direction of the protruding bar and that extends in the 
optical-axis direction. The first outer tube has an advance 
engagement part that is engaged with the advance guide groove 
at the rear end of its outer periphery. The first inner tube 
has a spiral projection part that is engaged with the protruding 
bar and with which the advance guide groove is covered when 
seen in the optical-axis direction at the rear end of its outer 
periphery. 

[0012] In the aforementioned structure, light that has entered 
through a gap between the first outer tube and the second outer 
tube can be blocked by the overlap between the protruding bar 
of the second outer tube and the projection part of the first 
inner tube in the optica:l-axis direction. Since the advance 
guide groove is shallower than the protruding bar, the advance 
guide groove can be covered with the projection part when seen 
from the optical-axis direction, and hence light can be 
prevented from entering from the advance guide groove. 
Conventionally, a cam groove to hold and drive other lens groups 
has been formed radially outside the protruding bar in the inner 
circumferential surface of the second outer tube, and therefore 
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external light has entered from the cam groove regardless of 
the overlap between the protruding bar and the engagement part, 
and a special lightproof member has been needed, but, according 
to the structure of .the present invention, it is possible to, 
by a simple structure, block light passing between the first 
outer tube and the second outer tube. 

[0013] In each of the aforementioned structures, preferably, 
the second outer tube is disposed outside the first outer tube, 
and the second inner tube is disposed inside the second outer 
tube. The first inner tube has its tube wall cut like comb 
teeth from its rear end side in the optical-axis direction. 
The second inner tube has its tube wall cut like comb teeth 
from its fore end side in the optical-axis direction. In the 
first and second inner tubes, the comb-teeth-shaped tube walls 
are engaged with each other, and rotate together, and are 
relatively movable in the optical-axis direction. 
[0014] According to the aforementioned structure, since the 
tube walls of the first and second inner tubes can be disposed 
at the same position in the radial direction, the outer diameter 
of the lens barrel can be reduced. 
[0015] 

[Embodiment of the Invention] An embodiment of the present 
invention will be hereinafter described with reference to the 
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drawings. Fig. 4 is an exploded perspective view of the lens 
barrel, and Fig. 5 to Fig. 8 are sectional views. Fig. 5 and 
Fig. 6 each show an end state at a telephoto side (long focus 
side), Fig. 7 shows an end state at a wide-angle side (short 
focus side), and Fig. 8 shows a retracted state. 
[0016] Three tube pairs are protracted from and retracted into 
the fixed tube 10. Each tube pair consists of an outer tube 
and an inner tube that are connected together by a helicoid 
joint. The outer tube and the inner tube relatively rotate, 
and move together in the optical-axis direction. 
[0017] That is, in order from the fore end, i.e. , from the side 
of a photographic subject, a first tube pair that consists of 
a cam ring 40 and a lens holding tube 44, a second tube pair 
that consists of a rotational tube 30 and an advance tube 34, 
and a third tube pair that consists of a zoom driving ring 20 
and an advance lead tube 24 are protracted from the fixed tube 
10 as shown in Fig. 4 to Fig. 8. Outer tubes of each stage, 
i.e., the cam ring 40, the rotational tube 30, and the zoom 
driving ring 20 are engaged with each other so as to be movable 
in the optical-axis direction and are expanded and contracted 
in the optical-axis direction while rotating together. On the 
other hand, inner tubes thereof, i.e., the lens holding tube 
44 , the advance tube 34 ,. and the advance lead tube 24 are engaged 
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with each other so as to be movable in the optical-axis 
direction and are expanded and contracted in the optical-axis 
direction without rotating together. It is possible to form 
another structure in which the inner tube rotates with respect 
to the fixed tube 10, but the outer tube does not rotate 
therewith. It is possible to form still another structure in 
which both the inner tube and the outer tube rotate, but 
rotation quantities of these tubes differ from each other. 
[0018] In greater detail, the fixed tube 10 is fixed to the 
body (not shown) of a camera and has a hollow hole. A spiral 
helicoid 10a is intermittently protruded on the inner 
circumferential surface of the hollow hole. Further, an 
advance guide part 10b that extends in the optical-axis 
direction is formed. A driving gear supporting part 10c is 
provided on the fixed tube 10 along the hollow hole so as to 
rotatably support a driving gear 12 as shown in Fig. 12. The 
driving gear 12 is disposed along the hollow hole, and a part 
of this is a slender gear that enters into a hollow hole and 
is rotated by a motor not shown. 

[0019] The zoom driving ring 20 is disposed inside the fixed 
tube 10 as shown in Fig. 4. An outer gear '20b and a spiral 
engagement groove 20a are formed in a flange part at the rear 
end of the outer periphery of the zoom driving ring 20. The 
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outer gear 20b meshes with the driving gear 12 disposed along 
the fixed tube 10 so as to be rotated and driven. The engagement 
groove 20a is engaged with the helicoid 10a of the fixed tube 
10. When rotated and driven by the driving gear 12 as shown 
by an arrow 91, the zoom driving ring 20 moves in the 
optical-axis direction with respect to the fixed tube 10 by 
a helicoid connection to the fixed tube 10 as shown by an arrow 
90a. An advance guide groove 20c that extends in the 
optical-axis direction is formed in the inner circumferential 
surface of the zoom driving ring 20. . 

[0020] As shown in Fig. 4, the advance lead tube 24 that has 
a bayonet connection to the rear end of the zoom driving ring 
20 is disposed inside the zoom driving ring 20. The advance 
guide part 24a that projects in the direction of the outer 
diameter is formed at the rear end of the outer periphery of 
the advance lead tube 24 and is engaged with the advance guide 
part 10b of the fixed tube 10. Therefore, when the zoom driving 
ring 20 moves-in the optical-axis direction while rotating as 
shown by the arrows 90a and 91, the advance lead tube 24 moves 
together with the zoom driving ring 20 in the optical-axis 
direction without rotating as shown by an arrow 90b. A spiral 
engagement hole 24b that penetrates through the tube wall and 
a hole 24c used to pass a flexible cable that electrically 
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connects the shutter with the body "are formed in the advance 
lead tube 24. A spiral helicoid 24d is formed on the inner 
circumferential surface of the advance lead tube 24 . Further, 
an advance guide groove 24e that. extends in the optical-axis 
direction is formed by cutting the helicoid 24d to an 
intermediate height. 

[0021] The rotational tube 30 is disposed inside the advance 
lead tube 24. A helicoid 30c is formed on the flange part at 
the rear end of the outer periphery of the rotational tube 30 
so as to be engaged with the helicoid 24d of the advance lead 
tube 24. Further, a projection 30d that projects radially 
outward is formed on a part of the helicoid 30c so as to 
penetrate through the engagement hole 24b of the advance lead 
tube 24 and be engaged with the advance guide groove 20c of 
the zoom driving ring 20. Therefore, by a relative rotation 
between the zoom driving ring 20 and the advance lead tube 24, 
the rotational tube 30 moves in the optical-axis, direction as 
shown by an arrow 92a while rotating together with the zoom 
driving ring 20 as shown by an arrow 93. A spiral helicoid 
30b is formed on the inner circumferential surf ace of the 
rotational tube 30. Further, an advance guide groove 30a that 
extends in the optical-axis direction is formed by cutting this 
helicoid 30b to an intermediate height. 
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[0022] The advance tube 34 that has a bayonet connection to 
the rear end of the rotational tube 30 is disposed inside the 
rotational tube 30. The advance tube 34 consists of a 
ring-shaped rear end and three engagement pieces 34b that 
protrude like comb teeth toward the fore end side in the 
optical-axis direction from this rear end. An engagement 
projection 34a that projects radially outward is formed at the 
ring-shaped rear end and is engaged with the advance guide 
groove 24e of the advance lead tube 24 so that the. advance tube 
34 moves in the optical-axis direction without rotating with 
respect to the advance lead tube 24. 

[0023] The cam ring 40 is disposed between the rotational tube 
30 and the engagement piece 34b of the advance tube 34. A 
projection 40a is formed on the rear end of the outer periphery 
of the cam ring 40 so as to be engaged with the advance guide 
groove 30a of the rotational tube 30. The cam groove 41 is 
formed in the. inner circumferential surface of the cam ring 
40. This. cam groove 41 is formed by alternately arranging a 
plurality of zoom driving areas 41a and focus driving areas 
41b. 

[0024] The lens holding tube 4 4 that has a bayonet connection 
to the rear end of the cam ring 40 is disposed inside the cam 
ring 40. The lens holding tube 40 has a helicoid 44a formed 
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at a flange part at the rear end of its outer periphery so as 
to be engaged with the helicoid 30b of the rotational tube 30. 
[0025] As described above, a part of the helicoid 30b of the 
rotational tube 30 is excised to form an advance groove 30a, 
and, as shown in Fig. 9, this advance groove 30a is covered 
with the helicoid 44a of the lens holding tube 44 in the 
optical-axis direction. , Accordingly, since light does not 
enter from the advance guide groove 30a, a special lightproof 
member is not needed, and light passing between the cam ring 
40 and the rotational tube 30 can be blocked with a simple 
structure. 

[0026] The tube wall of the lens holding tube 44 has an advance 
guide hole 44b cut from the side of its rear end so as to be 
engaged with the engagement piece 34b of the advance tube 24, 
and the lens holding tube 44 moves in the optical-axis direction 
without rotating with respect to the advance tube 34 . 
Therefore, by a relative rotation between the rotational tube 
30 and the advance lead tube 24, the cam ring 40 moves in the 
optical-axis direction as shown by an arrow 94a while rotating 
together with the rotational tube 30 as shown by an arrow 95. 
At this time, the lens holding tube 44 moves in the optical-axis 
direction together with the cam ring 40 without rotating as 
shown by an arrow 94b. The lens holding tube 40 has three cam 
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holes 44d that extend in the optical-axis direction and that 
penetrate through the tube wall and a cam groove 44e that 
extends in the tube wall and that has a predetermined shape. 
[0027] In the lens holding tube 44, a first lens group Gl is 
fixed to its fore-end side, a third lens group G3 is fixed to 
its rear-end side, and a second lens group G2 and a shutter 
unit 48 are disposed at an intermediate position therebetween 
so as to be movable in the optical-axis direction. The shutter 
unit 48 is fixed to a lens holding member 52 that holds the 
second lens group G2 so as to move together. A rubber-made 
lightproof member 4 6 shaped like a cornice is disposed between 
the fore end of the lens holding tube 44 and the lens holding 
member 52, for example, as shown in Fig. 5, and light that has 
entered from, for example, a gap between the cam ring 30 and 
the lens holding tube 44 is blocked. A cam follower pin 52a 
protrudes from the lens holding member 52 and passes through 
the cam hole 44d of the lens holding tube 44 so as to be engaged 
with the cam groove 41 of the cam ring 40. Therefore, the second 
lens group G2 moves by a relative rotation between the cam ring 
40 and the lens holding tube 44. 

[0028] Details are shown in the enlarged view of the main part 
of Fig. 10, an elastic piece 52s that extends, substantially 
in the optical-axis direction is formed integrally with the 
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cam follower pin 52a. For example, the lens holding member 
52, the cam follower pin 52a, and the elastic piece 52s are 
integrally formed with plastics. The elastic piece 52s 
extends in the circumferential direction with a slight slant, 
and the distance in the circumferential direction between the 
cam follower pin 52a and the fore end 52t of the elastic piece 
52s is slightly larger than the width of the cam hole 44d of 
the lens holding tube 44. Therefore, the cam follower pin 52a 
and the fore end 52t of the elastic piece 52s are pressed against 
the facing surface of the cam hole 44 when they are inserted 
into the cam hole 44d of the lens holding tube 44 . Accordingly, 
since the cam follower pin 52a is fitted to the cam hole 44 
without any gaps, a change in the relative position hardly 
occurs between the lens holding member 52 and the lens holding 
tube 44, and therefore the center position of the second lens 
group G2 in which an error greatly affects the performance 
capabilities of the lens can be maintained with excellent 
accuracy, and a slant with respect to other groups and parallel 
eccentricity can be restrained. 

[0029] A cam follower pin 48a provided at the fore end of an 
opening-restricting lever that restricts the size of an opening 
of the shutter of the shutter unit 4 8 is engaged with the cam 
groove 44e of the lens holding tube 44. Accordingly, the 
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shutter unit 48 can restrict the size of the opening of the 
shutter in accordance with the focal length of the lens. The 
cam groove 44e used to restrict the size of the opening of the 
shutter is formed in an inner tube that can freely make a hole, 
i.e., in the lens holding tube 44, and therefore the size of 
the entire lens barrel can be reduced. 

[0030] All of the lens groups Gl, G2, and G3 are held in the 
lens holding tube 44, and optical components can be handled 
as a small unit shown by reference numeral 50 in Fig. 4, and 
therefore this unit 50 can be constructed while being optically 
adjusted, and then the entire lens barrel can be mechanically 
assembled, and therefore the assembly work can be simplified. 
For example, based on the second lens group G2 incorporated 
into the lens holding tube 44, an operation for positioning 
the first lens group Gl and then bonding the first lens group 
Gl to the fore end of the lens holding tube 44 can be performed 
only by the small unit 50. Additionally, optical performance 
capabilities should be secured only by the unit 50, and defects 
can be distinguished without assembling the lens barrel unit, 
thus improving efficiency. In other words, if a defect is 
discovered after the entire lens barrel is assembled, the whole 
thereof will be re-assembled. However, in the aforementioned 
structure, optical performance capabilities will be 
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guaranteed as long as performance capabilities as the unit 50 
can be checked. Therefore, this brings about improved 
efficiency and leads to a cost reduction. 

[0031] As described above, the zoom lens barrel can be made 
more compact than the conventional one by holding not only the 
foremost lens group but also the other lens groups with the 
cam ring 4 0 and the lens holding tube. 

[0032] The present invention is not limited to the 
aforementioned embodiment and can be carried out in embodiments 
of various aspects. 

[0033] For example, without being limited to the lens barrel 
that is permanently fixed to the camera body, the present 
invention is applicable also to a lens barrel of an 
interchangeable lens. 
[Brief Description of the Drawings] 

[Fig. 1] Comparative view between the prior art and the present - 

invention. A telephoto-end state is shown.- 

[Fig. 2] Comparative view between the prior art and the present 

invention. A wide-angle-end state is shown. 

[Fig. 3] Comparative view between the prior art and the present 

invention. A retracted state is shown. 

[Fig. 4] Exploded perspective view of the zoom lens barrel of 
the present invention. 
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[Fig. 5] Sectional view of the zoom lens barrel of Fig. 5. A 
fore-end side in a telephoto-end state is shown. 
[Fig. 6] Sectional view of the zoom lens barrel of Fig. 5. A- 
rear-end side in a telephoto-end state is shown. 
[Fig. 7] Sectional view of the zoom lens barrel of Fig. 5. A 
wide-angle-end state is shown. 

[Fig. 8] Sectional view of the zoom lens barrel of Fig. 5. A 
retracted state is shown. 

[Fig. 9] Enlarged sectional view of the main part of the zoom 
lens barrel of Fig. 5. 

[Fig. 10] Development view of the zoom lens barrel of Fig. 5. 

[Description of Symbols] 

10 Fixed tube 

20 Zoom driving ring 

24 Advance lead tube 

30 Rotational tube (second outer tube) 

30a Advance guide groove 

30b Helicoid (protruding bar) 

34 Advance tube (second inner tube) 

40 Cam ring (first outer tube) 

40a Projection (advance engagement part) 

41 Cam groove 

44 Lens holding tube (first inner tube) 
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44a Helicoid (projection part) 

44d Cam hole 

52 Lens holding member 

52 Cam follower 
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Fig.4 




Fig.8 



